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LOSS PROCESS FOR HELIUM IONS I N  THE 
UPPER ATMOSPHERE 

S o  J. Bauer 
Space Sciences Div is ion  

NASA-Goddard Space F l i g h t  C e n t e r  
Greenbel t ,  Maryland 

o r i g i n a l l y  suggested t h a t  upper atmospheric 
- Hanson 

helium ions  produced by photo ioniza t ion  may be l o s t  by an ion- 
atom in te rchange  process  w i t h  molecular n i t rogen .  Ba te s  and 
P a t t e r s o n  (2) have argued t h a t  t h e  l o s s  process  wi th  N2 is  un- 
l i k e l y  t o  occur s i n c e  i t  is  endothermic, bu t  t h a t  a s i m i l a r  
p rocess  wi th  O2 may w e l l  be possible  which a l s o  would l e a d  t o  
t h e  c r e a t i o n  of n e u t r a l  helium wi th  energy g r e a t e r  than  t h a t  
r e q u i r e d  f o r  escape. Thus, t h e  l a t t e r  process  r e p r e s e n t s  a l s o  
an a t t r a c t i v e  s o l u t i o n  t o  the long s t and ing  problem of helium 
escape ,  
evidence from l abora to ry  measurements, t h a t  t h e  r a t e  coef- 
f i c i e n t  f o r  t h e  r e a c t i o n  of helium i o n s  wi th  N2 is about  t h e  

same a s  t h a t  involv ing  02, both having t h e  r a t h e r  h igh  va lue  
of k c m  sec-l ,  s o  t h a t  t h e  l o s s  process  f o r  He+ would 
obviously be governed by the  more abundant c o n s t i t u e n t  N2. 

P rev ious  l abora to ry  measurements by  F i t e  e t  a 1  (4) i n d i c a t e d  
t h a t  whereas t h e  r e a c t i o n  of He' w i th  0, has a r a t e  c o e f f i c i e n t  
of t h e  order  of 5x10-1ucm3sec-i,the r e a c t i o n  r a t e  of t h e  
p rocess  involv ing  N2 must be much smal le r .  

o r a t o r y  experiments a r e  a s  fol lows:  

Most r e c e n t l y ,  Ferguson e t  a 1  (3 1 have p resen ted  
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The two p o s s i b l e  l o s s  processes  suggested by t h e s e  lab- 

He + + N2 H e  + N+ + 
+ He + O2 -, He + Of + 

s i n c e  t h e  only i o n i c  c o n s t i t u e n t s  found 
r e a c t i o n s  a r e  N+ and 0 , r e spec t ive ly .  + i n  t h e  l abora to ry  

The processes  (1) and 

(2) would correspond t o  d i s s o c i a t i v e  charge t r a n s f e r ,  a l though 
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t h e  f i n a l  product of (2) does not prec lude  t h e  occurrence of 
t h e  ion-atom in te rchange  process  sugges ted  by Ba te s  and 
P a t t e r s o n  . (2) 

I n  view of t h e  g r e a t  importance of t h e  He' l o s s  process  
for a number of aeronomic problems, i nc lud ing  t h a t  of helium 
escape ,  a t e s t  of t h e  sugges t ion  of Ferguson e t  a 1  based on 
t h e  observed atmospheric ion  composition d a t a ,  is impera t ive  
Unfortunately t h e r e  a r e  only a few measurements of t h e  v e r t i c a l  
d i s t r i b u t i o n  of He' by means of rocket-borne i o n  mass spec- 
tromet er 
is most s u i t a b l e  f o r  such a t e s t  s i n c e  i t  provides  i n  a d d i t i o n  
t o  t h e  a l t i t u d e  v a r i a t i o n  of He' t h a t  of t h e  minor ion  N'. A s  

w e  s h a l l  see, t h e  simultaneous measurement of He' and N' is 
important  t o  t h i s  t e s t ,  Although Pokhunkov's da t a  extends only 
t o  an a l t i t u d e  of 430 km, t h i s  is s u f f i c i e n t  for  t h e  t e s t ,  
s i n c e  w e  a r e  concerned only with t h e  r eg ion  where He' is 
c o n t r o l l e d  by chemical equi l ibr ium(*) .  
is  l e a d i n g  t o  t h e  formation of N', which e x i s t s  i n  t h e  atmo- 
sphe re  a s  a minor i o n i c  c o n s t i t u e n t ,  t h e  behavior of t h i s  i o n  
should  be u s e f u l  i n  our t e s t .  From Pokhunkov's obse rva t ion  
i t  is apparent  t h a t  above 350 km N' decreases  very slowly w i t h  

a l t i t u d e .  T h i s  can be zxplzined a s  the r e s u l t  of product ion 
of N 
t h e  fo l lowing .  

(5 ,6 , 7) Of t h e s e ,  the  measurement by Pokhunkov ( 5 )  

Since  t h e  l o s s  process  

+ v i a  t h e  He' l o s s  process  (1) involv ing  N2 a s  shown i n  

For He' i n  chemical equi l ibr ium w e  can w r i t e  

where IHe = 3 ~ 1 0 - * s e c - ~  is t h e  photo- ioniza t ion  r a t e  c o e f f i c i e n t  
f o r  helium which can be used a t  a l t i t u d e s  above 300 k m  where 

t h e  o p t i c a l  t h i c k n e s s  is neg l ig ib ly  small .  According t o  Ferguson 
e t  a 1  (3 1 , kl = k and s i n c e  [N ] >> [ O  ] w e  neg lec t  t h e  l o s s  

2 2 2 
t e r m  i nvo lv ing  02. Thus, the d i s t r i b u t i o n  of He' i n  chemical 

e q u i l i b r i u m  can be expressed by 
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[He'] = 

+ + I 

The rate of formation of N , q(N ) ,  can be written I 
I 

q(N+) = INCN] + klCHe+][N2] (5) 

Since atomic nitrogen is a minor constituent and its photo- 
ionization rate coefficient IN is comparable to kl[He ],we 
shall neglect the photoionization term compared to the chemical 
production term. Any conceivable chemical loss process for 
N at altitudes above 300 km will have a longer time constant + than the diffusion time, so that the production rate of N 
should be balanced by the divergence of the diffusion flux 
(aF(N+)) ; thus 

+ 

+ 

a 5  

It is easily shown that, neglecting second order terms, 
aF(N+) 

through which N + + F(N ) = [N ]v- where v, is the diffusion velocity. If we 
assume that vD = const over the altitude range under conver- 
sation, we can write vD/% = K and thus from ( 6 ) :  

F(Nf) where % is the scale height of the constituent + a@ M % '  
diffuses, i.e. the scale height of O+, while 

JJ: u 

Substituting from (4) for [He'] we obtain 

(8) cN+] M 'He [He] 

+ Thus, the altitude variation of N should follow that of neutral 
helium. This is shown in Fig. 1 where the ion concentrations 
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represent  t h e  smoothed data  of Pokhunkov ( 5 )  and t h e  n e u t r a l  
c o n s t i t u e n t s  a r e  based on t h e  1964 Harris-Priester upper 
atmosphere model (10) for  a temperature of TWOOO~K, corre- 
sponding t o  t h e  t i m e  of t h e  rocket observation. I t  is a l s o  
seen  i n  Fig. 1 t h a t  He’ follows t h e  r a t i o  [He]/[N2] according 
t o  (4). (Although the  n e u t r a l  c o n s t i t u e n t s  were a l s o  measured 

observed, because its concentrat ion was too  low t o  be detected 
by t h e  mass spectrometer.  

used here. ) 
While there thus  appears t o  be good evidence t h a t  a 

r e a c t i o n  involving N2 is responsible  for  t h e  l o s s  of He’ a s  
suggested by Ferguson e t  a d 3 ) ,  t h e i r  r a t e  c o e f f i c i e n t ,  how- 
eve r ,  is unacceptably h i g h  i n  t h e  l i g h t  of t h e  experimental  

Based on r e a l i s t i c  assumptions about t h e  d e n s i t y  of n e u t r a l  
c o n s t i t u e n t s  bu t  allowing for an underestimate of IHe[He]/[N2] 
by a s  much a s  one order of magnitude, a maximum value of t h e  

on t h e  same rocket f l i g h t ,  no helium was by Pokhunkov (11) 

ever ,  is i n  good agreement w i t h  t h e  model d i s t r i b u t i o n  (10) 
The observed N2 d i s t r i b u t i o n ,  how- 

da ta  of Pokhunkov(’), a s  w e l l  a s  those of Taylor e t  a 1  (6) . 

r a t e  c o e f f i c i e n t  kl 4 10’11cm3sec-1 is acceptable  i n  the  l i g h t  
of atmospheric data .  Furthermore, i f  helium ions  a r e  indeed 
l o s t  p r imar i ly  by process (1) izvolving N,: a s  suggested here, 
then  it a l s o  fol lows t h a t  the r a t e  c o e f f i c i e n t  k2 f o r  t h e  loss 
process (2) involving O2 must be comparable t o  kl. 

l abora tory  values  of Ferguson e t  a 1  (5) f o r  kl and k2 a r e  a t  
l e a s t  two orders of magnitude higher than t h e  maximum value 
c o n s i s t e n t  w i t h  atmospheric data.  I t  should be noted t h a t  a 
value of kl M 10’12cm3sec-1 was o r i g i n a l l y  inferred from the  
first,  though i n d i r e c t ,  observation of helium ions  i n  t h e  

I 

Thus, t h e  

upper atmosphere (1) . 
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CAFTION FOR FIG. 1 

Altitude variation of observed ionic constituents and 
related neutral constituents from model atmosphere. Solid line 
curves represent the smoothed (within error limits) ion concen- 
tration data of Pokh~nkov'~), dashed lines are neutral con- 
stituents from Harris-Priester model atmosphere (lo) for T=~OOO~K, 
corresponding to the time of ion concentration measurement 
(15 November 1961, 1600 LMT) . 
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